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(54) Reproduction of data 



(57) A data reproducing apparatus enables special 
reproduction, such as backward reproduction, to be run 
quickly when specified. The apparatus comprises de- 
modulating means (3) fordemodulating data read from 
a digital video disk (1) by a pickup (2), storage means 
(4) for temporarily storing the demodulated data, a de- 
coder (5) for decoding data read out of the storage 



means into original video signals, and a control circuit 
(8) for controlling the storage means (4) so that an un- 
read data area and an already-read data area in the stor- 
age means take up about half of a total memory capac- 
ity, respectively, so that data necessary for reverse re- 
production or the like is left in the storage means, thus 
allowing the special reproduction to be run quickly. 
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Description 

[0001 ] This invention relates to the reproduction of da- 
ta from disks. More particularly, but not exclusively, the 
invention relates to reproducing data such as images 
and sounds recorded on an optical disk, a magneto-op- 
tic disk or the like. 

[0002] The MPEG (Motion Picture coding Experts 
Group) method has been proposed as a method for 
compressing and coding digital image signals recorded 
in a conventional digital video disk (hereinafter referred 
to as a DVD). An example of a MPEG encoder will now 
be explained with reference to FIG. 9. 
[0003] The MPEG encoder is a type of encoder which 
is designed to compress signals by predictive coding, 
wherein digitized image input signals are blocked (divid- 
ed into blocks), each block (MB) being a minimum unit 
of motion compensative prediction, and motion vectors 
for motion compensative prediction are detected for 
each block in a motion detecting circuit 101. 
[0004] While this block is predictive-coded by the en- 
suing predictive coding section, it is classified into four 
blocks of (1) an intra-block in which DCT (Discrete Co- 
sine Transform) is directly implemented on the image 
input signals, (2) a forward block in which prediction is 
made only from the front direction, (3) a backward block 
in which prediction is made only from the rear direction, 
and (4) a bi-directive block in which prediction is made 
from both directions. 

[0005] That is, a DCT section 103 implements the 
DCT which is one type of Fourier transform and a quan- 
tization circuit 1 04 quantizes DCT coefficients of that re- 
sult. After the quantization, a variable length coding 
means 109 implements variable length coding by as- 
signing codes whose lengths vary corresponding to a 
probability of occurrence. An inverse quantization circuit 
105 inverse-quantizes the quantized signals and an in- 
verse DCT section 106 implements an inverse DCT. 
Then, an output from a frame memory predictor 108 is 
added to it to reproduce the original image signals. The 
reproduced image signals are supplied to a subtracter 
102 as prediction signals. 

[0006] Predictive coding signals output from the vari- 
able length coding means 109 are multiplexed with pre- 
diction mode information and motion vector information 
in multiplexing means 110. Such multiplexed data is 
generated at- irregular rates, so that it is output to and 
temporarily stored in a buffer 111 so that its encoding 
rate becomes constant. Note that it is also possible to 
control a coding amount by changing a quantization 
scale factor q of the quantizing means 1 04 in response 
to a coding amount stored in the buffer 111 to level off 
the average of the coding rates. 

[0007] FIG. 10a shows a structure of inter-frame pre- 
diction thus compressed and coded by the MPEG meth- 
od. In the figure, one GOP (Group Of Pictures) is com- 
posed of nine frames for example; one frame of I picture, 
two frames of P picture and six frames of B picture. Note 



that GOP is a unit of coding into which one sequence of 
motion pictures is divided. I picture is a predictive-coded 
image within the frame, P picture is an inter-frame pre- 
dictive-coded image predicted with reference to the pre- 
5 ceding frame already coded (I picture or P picture) time- 
wise and B picture is an inter-frame predictive-coded im- 
age predicted with reference to two frames of the pre- 
ceding and succeeding frames time-wise. 
[0008] That is, as shown in the figure by arrows, I pic- 
io ture l 0 is predictive-coded only within that frame, P pic- 
ture P 0 is inter-frame predictive-coded with reference to 
I picture l 0 and P picture P 1 is inter-frame predictive-cod- 
ed with reference to P picture P 0 . Further, B pictures B 0 
and B-, are inter-frame predictive-coded with reference 
*5 to two pictures of I picture l 0 and P picture P 0 and B 
pictures Bg and B 3 are inter-frame predictive-coded with 
reference to two pictures of P picture P 0 and P picture 
P v Pictures thereafter are created through the predic- 
tive-coding in the same manner. 
20 [0009] By the way, in decoding the pictures thus pre- 
dictive-coded, although I picture may be decoded by it- 
seff because I picture is predictive-coded within the 
frame, P picture needs the preceding I picture or P pic- 
ture in decoding it because P picture is predictive-coded 
2S with reference to the preceding I picture or P picture and 
B picture needs the preceding and succeeding I picture 
or P picture in decoding it because B picture is predic- 
tive-coded with reference to the preceding or succeed- 
ing I picture or P picture. Then, the pictures are rear- 
30 ranged as shown in FIG. lOb so as to be able to decode 
the pictures needed in decoding at first. 
[0010] As shown in the figure, this rearrangement is 
made so that I picture l 0 precedes B pictures B^ and B_ 2 
because I picture l 0 is necessary in decoding B pictures 
35 B.-, and B_ 2 , so that P picture P 0 precedes B pictures B 0 
and B 1 because P picture P 0 is necessary in decoding 
B pictures B 0 and B 1f so that P picture P 1 precedes B 
pictures B 2 and B 3 because P picture P., is necessary 
in decoding B pictures B 2 and B 3 , and so that I picture 
40 | t precedes B pictures B 4 and B 5 because I picture I-, is 
necessary in decoding B pictures B 4 and B 5 . 
[0011] While I pictures, P pictures and B pictures are 
recorded in the DVD in the sequence as shown in FIG. 
lOb, their coding amount is not constant among each 
45 picture and varies corresponding to a complexity and 
flatness of the image since those pictures are predictive- 
coded as described before. Then, in order to be able to 
readily handle the data, the data are recorded by means 
of sector which is defined by a certain coding amount in 
50 recording those pictures once in the DVD. FIG. 11 
shows a mode for recording the data by means of the 
sector, wherein I picture l 0 , for example, is recorded in 
Sector m, Sector (m + 1 ) and a partial area of Sector (m 
+ 2) and B picture B_ 2 is recorded in the remaining area 
55 of Sector (m + 2) and Sector (M + 3). Thereafter, each 
picture is recorded sequentially in respective sectors 
and one GOP is recorded in Sectors m through (m + 1 3) 
in this example. However, GOP is not always recorded 
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in such number of sectors and generally the number of 
sectors in which one GOP is recorded varies because 
the coding amount varies due to the complexity and flat- 
ness of each image. 

[0012] By the way, the data in the unit of the sector 
read out of the DVD is stored temporarily in storage 
means which is represented imaginarily as having a ring 
shape and is called as a ring buffer. Operations of a read 
pointer and a write pointer in the ring buffer will be ex- 
plained below with reference to FIG. 12. In FIG. 12a, the 
read pointer RP is positioned at an address position al 
in the ring buffer and the write pointer WP is positioned 
at an address position b1 slightly before a1 . The data in 
the unit of the sector is supplied to the decoder as the 
read pointer moves clockwise in the figure, reading the 
data out of the ring buffer. 

[0013] The write pointer WP is controlled so as to be 
positioned slightly before a1 time-wise to increase an 
unread area (URD) as much as possible and not to be 
short of data to be reproduced. Accordingly, an already- 
read area (ARD) turns out to be a small area between 
a1 and b1 and it is also possible to control so that this 
area becomes zero. FIG. 1 2b shows a state wherein the 
read pointer RP has advanced to read the data out of 
the ring buffer, advancing its address position from a1 
to a2. Due to that, the URD area has become smaller 
that much, increasing the ARD area on the other hand. 
[0014] Then, data is written into the ring buffer while 
advancing the write pointer WP clockwise so that the 
unread area URD increases as shown in FIG. 12c. The 
data here is new data read out of the disk. Thereby, the 
address position of the write pointer WP advances from 
b1 tob2, reducing the ARD area and increasing the URD 
area that much. Thus, a large URD area is always main- 
tained in the ring buffer by making such control. 
[001 5] However, there has been a problem that when 
special reproductions such as a backward reproduction 
is to be made during when data in the unit of the sector 
recorded in the DVD is being read out of the ring buffer 
to reproduce video signals, the normal reproduction 
cannot be switched to the backward reproductions 
smoothly because there exists almost no data to be re- 
produced in the reverse direction (i.e. data in the ARD 
area) in the ring buffer at the moment when the mode is 
switched to the backward reproduction and it. is neces- 
sary to wait for a supply of data read by accessing the 
DVD. That is, although it is necessary to read data of 
the preceding GOP time-wise following to the current 
GOP by accessing the DVD by the pickup in order to 
decode video signals to be displayed on the display sec- 
tion during the backward reproduction, it takes time to 
read the data because that reading is done mechanical- 
ly and it also takes time to decode pictures composing 
the read GOPs to obtain video signals. 
[0016] The reason why it takes time for decoding pic- 
tures will be explained below. Assume here that a GOP 
preceding the current GOP is composed of I picture l 0 
through B 5 as shown in FIG. 10a. Then, in order to per- 



form the backward reproduction, it is necessary to dis- 
play an image of decoded B picture B 5 after an image 
of decoded I picture ^ of the current GOP and to display, 
following to that, images of decoded B picture B 4 , P pic- 
s ture P., , B picture B 3 , B picture B 2 , P picture P 0 , B picture 
B 1( B picture B 0 and I picture l 0 . 

[001 7] Because B picture Bs and B picture B 4 are pre- 
dicted with reference to I picture l-j and P picture P t , data 
of I picture ^ and P picture P 1 are necessary to decode 

10 them. However, because P picture P-, is predicted with 
reference to P picture P 0 and P picture l 0 is predicted 
with reference to I picture l 0 , it is necessary to decode 
P picture P 0 with reference to I picture l 0 and to decode 
P picture P 1 with reference to P picture l 0 after all. It is 

is thus necessary to make reference to I picture I-, and P 
picture B-, to decode B picture B 5 and B picture B 4 , so 
that it takes time for decoding the pictures. 
[0018] The invention provides a data reproducing 
method for reproducing original video signals by demod- 

20 ulating and writing data read out of a disk by a pickup 
into storage means and by decoding the data read out 
of the storage means, the storage means is controlled 
so that an unread data area and an already-read data 
area in the storage means take about a half of a total 

25 memory capacity, respectively. 

[0019] Preferably, in the data reproducing method, 
the data is written to the storage means in a unit of sector 
composed of a fixed data amount. Also preferably, a 
write pointer is moved to an address position jumped in 

30 the reproducing direction by a number of sectors of the 
sum of a number of sectors written in the last time and 
a number of sectors to be written this time when a back- 
ward reproduction mode is specified and the number of 
sectors to be written this time is written to the storage 

3S means in the direction reverse to the reproducing direc- 
tion from the address position. 

[0020] Further, the invention provides a data repro- 
ducing apparatus comprising demodulating means for 
demodulating data read out of a digital video disk by a 

40 pickup, storage means for temporarily storing the de- 
modulated data and a decoder for decoding the data 
read out of the storage means into original video signals, 
the apparatus is provided with a control circuit for con- 
trolling the storage means so that an unread data area 

45 and an already-read data area in the storage means 
take about a half of a total memory capacity, respective- 
ly. 

[0021] Preferably, the control circuit in the data repro- 
ducing apparatus writes the data to the storage means 

so in a unit of sector composed of a fixed data amount data. 
Also preferably, the control circuit moves a write pointer 
to an address position jumped in the reproducing direc- 
tion by a number of sectors of the sum of a number of 
sectors written in the last time and a number of sectors 

55 to be written this time when the reverse reproduction 
mode is specified and writes the number of sectors to 
be written this time to the storage means in the direction 
reverse to the reproducing direction from the address 
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position. 

[0022] The invention also provides a data reproducing 
method for reproducing image signals by demodulating 
data read out of a disk by a pickup and by decoding it 
via a buffer, the buffer has a capacity capable of storing s 
at least two GOPs composed of a plurality of frames and 
data of at least one GOP including a GOP preceding 
time-wise to a GOP being decoded is read out of the 
disk and is stored in the buffer when a still mode is spec- 
ified to be ready for a special reproduction mode. In the 
data reproducing method, the special reproduction 
mode is a backward reproduction mode. 
[0023] Also, the invention provides a data reproduc- 
ing apparatus comprising demodulating means for de- 
modulating data read out of a disk by a pickup, a buffer 
for temporarily storing the demodulated data and a de- 
coder for decoding the data read out of the buffer into 
image signals, the buffer has a capacity capable of stor- 
ing at least two GOPs composed of a plurality of frames 
and data of at least one GOP including a GOP preceding 
time-wise to a GOP being decoded by the decoder is 
read out of the disk and is stored in the buffer when a 
still mode is specified to be ready for the special repro- 
duction mode. 

[0024] Preferably, the special reproduction mode of 
the data reproducing apparatus is a backward reproduc- 
tion mode. 

[0025] According to a preferred form of implementing 
the invention described hereinbelow, the writing/reading 
of the storage means is controlled so that the unread 
data area and the already-read data area in the storage 
means take about a half of a total memory capacity, re- 
spectively, so that data necessary for the reverse repro- 
duction or the like is left in the storage means and the 
special reproduction can be performed quickly. For the 
same reason, it becomes possible to switch the mode 
from the special reproduction to the normal reproduction 
quickly. Thus, the number of access times to the disk is 
reduced and the special reproduction may be performed 
just by controlling the buffer in the normal reproduction 
mode by storing past data always within the buffer. Be- 
cause the special reproduction mode such as the back- 
ward reproduction is in general more likely to be select- 
ed after the still mode is selected, the preceding GOP 
is read when the still mode is specified. Then, because 
the preceding GOP has been already read at the time 
when the special reproduction mode is specified, imag- 
es reproduced in the special reproduction mode may be 
displayed quickly on the screen. Further, if the capacity 
of the buffer is sufficiently large, it becomes possible to 
quickly accommodate frame feeding or variable-speed 
reproduction such as slow reproduction of 1/2 or 1/4 of 
normal speed and double speed not only in the reverse 
direction but also in the normal direction by storing a 
plurality of GOPs before and after a GOP containing im- 
ages being output within the buffer. Thus, it is possible 
to reduce the number of times of access to the disk and 
to shift to the special reproduction quickly just by con- 



trolling the buffer in the normal reproduction mode by 
storing past data more or less always within the buffer. 
[0026] The preferred form of implementation of the in- 
vention thus provides a data reproducing method and a 
data reproducing apparatus which enable special repro- 
duction, such as backward reproduction, to be run 
quickly. 

[0027] The invention will now be further described, by 
way of illustrative and non -limiting example, with refer- 
ence to the accompanying drawings, in which: 

FIG. 1 is a conceptual view showing the structure 
of a data reproducing apparatus according to one 
preferred embodiment of the invention; 
FIG. 2 is a table showing decoded frames stored in 
frame memories during normal reproduction in the 
data reproducing apparatus; 
FIG. 3 is a table showing decoded frames stored in 
the frame memories during reverse reproduction in 
the data reproducing apparatus; 
FIGs. 4a, 4b and 4c are diagrams for explaining mo- 
tion of a write pointer and a read pointer during nor- 
mal reproduction; 

FIGs. 5a and 5b are diagrams for explaining motion 
of the write pointer during reverse reproduction; 
FIGs. 6a, 6b and 6c are diagrams for explaining mo- 
tion of the write pointer and the read pointer during 
reverse reproduction; 

FIGs. 7a and 7b are diagrams for explaining motion 
of the read pointer during reverse reproduction in 
detail; 

FIGs. 8a and 8b are diagrams for explaining motion 
of the write pointer during the reverse reproduction 
in detail; 

FIG. 9 is a diagram showing a structural example 
of an encoder for coding digital video signals by the 
MPEG method; 

FIGs. 10a and 10b are diagrams showing a struc- 
ture of inter-frame prediction and a structure of re- 
corded frames in a GOP; 

FIG. 11 is a diagram showing a relationship be- 
tween sectors recorded in a disk and pictures com- 
posing a GOP; 
.. FIGs. 1 2a, 1 2b and 1 2c are diagrams for explaining 
motion of the read pointer and the write pointer in a 
ring buffer; 

FIG. 13 is a system block diagram showing the 
structure of a data reproducing apparatus accord- 
ing to another preferred embodiment of the inven- 
tion; 

FIG. 14 is a schematic diagram showing operation 
of a buffer and a decoder during normal reproduc- 
tion in the data reproducing apparatus; 
FIG. 15 is a schematic diagram showing operation 
of the buffer and the decoder during a still mode in 
. the data reproducing apparatus; and 
FIG. 1 6 is a schematic diagram showing another ex- 
emplary operation of the buffer and the decoder dur- 
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ingthe still mode in the data reproducing apparatus. 

[0028] FIG. 1 is a conceptual view of a data reproduc- 
ing apparatus (DVD player) according to one preferred 
embodiment of the present invention, in the figure, a 
disk (DVD) 1 is a recording medium for recording digital 
video data, digital audio data or the like compressed and 
coded by the MPEG method in a unit of sector, a pickup 
2 is reproducing means for accessing the disk 1 and 
reading the digital data recorded therein, a sector de- 
tecting circuit 3 detects a sector sink and a sector ad- 
dress from the digital data read out of the disk 1 , a ring 
buffer 4 is memory means into which the data read out 
of the disk 1 in the unit of sector is written under control 
of a control circuit 8 and for supplying the read data to 
a decoder 5 as necessary and the decoder 5 decodes 
the data supplied in the unit of sector into video signals 
to be displayed on a display unit. 
[0029] A frame memory 6 stores three frames decod- 
ed by the decoder 5, a display 7 displays the video sig- 
nals supplied from the frame memory 6, the control cir- 
cuit 8 controls tracking, threading, focus or the like as 
control means by sending various control signals to a 
tracking servo circuit 9, as assessing means, or the like 
and controls reading/writing of the ring buffer 4, and the 
tracking servo circuit 9 controls tracking of the pickup 2 
to access to the disk 1 under the control of the control 
circuit 8. 

[0030] An operation of the data reproducing appara- 
tus constructed as described above will be explained 
below. The disk 1 is controlled so as to turn with a pre- 
determined number of revolutions by a spindle motor not 
shown. The compressed and coded digital data record- 
ed in tracks of the disk 1 is read when laser beam is 
irradiated to the tracks from the pickup 2. This digital 
data is recorded in the unit of fixed length sector as 
shown in FIG. 11 described before and the sector sink 
and sector head are appended at the head of each sec- 
tor. 

[0031] The digital data read by the pickup 2 is input 
to the sector detecting circuit 3, wherein delimitations of 
the sectors are detected when the sector sinks are de- 
tected and the sector addresses are detected from the 
sector heads. They are supplied to the control circuit 8. 
Note that the focus control and the tracking control of 
the pickup 2 are carried out by the tracking servo circuit 
9 and others under control of a system control not shown 
based on focus error signals and tracking error signals 
obtained from information read out of the pickup 2. 
[0032] Then, the control circuit 8 controls writing of the 
data in the unit of the sector into the ring buffer 4 based 
on the detected sector address. A writing address at this 
time is indicated by a write pointer (WP) 8-1 within the 
control circuit 8. Note that the buffer 4 has a storage ca- 
pacity capable of storing at least two GOPs of digital 
data. GOPs composed of pictures in the sequence 
shown in FIG. 10b described above for example are 
read out of the ring buffer 4 in the unit of the sector and 



are supplied to the decoder 5. Then, I pictures, P pk> 
tures and B pictures composing the GOP are decoded 
to be written sequentially to the frame memory 6. 
[0033] The pictures are output from the decoder 5 in 
5 the picture sequence shown in FIG. 1 0b and are written 
to each frame memory M1 , M2 and M3 composing the 
frame memory 6. FIG. 2 shows an example of decoded 
frames written to the frame memories M1, M2 and M3 
during the normal reproduction. FIG. 2 will be explained 
10 betow with reference to FIGs. 1 0a and 10b. In State 1 , 
l 0 frame obtained by decoding I picture l 0 is written to 
the frame memory M1 and B pictures B_ 2 and B.., de- 
coded with reference to P frame of decoded P picture 
preceding to I picture l 0 and to the decoded l 0 frame 
is within the frame memory M1 are written to the frame 
memories M2 and M3, respectively. In State 1 . those 
frames are rearranged to the original image sequence 
of B-2, B-1 and 10 frames as shown in FIG. 10a and are 
sent from the frame memories M1 , M2 and M3 to the 
display 7 to be displayed. 

[0034] Next in State 2, the sector of P picture P 0 is 
read out of the ring buffer 4 and P picture is decoded 
with reference to l 0 frame within the frame memory M1 
and is written to the frame memory M2. Advancing to 
State 3, the sector of B picture B 0 is read out of the ring 
buffer 4 and B picture B 0 is decoded with reference to 
l 0 frame within the frame memory Ml and P 0 frame within 
the frame memory M2 and is written to the frame mem- 
ory M3. Then, B 0 frame is read out of the frame memory 
M3 and is sent to the display 7 to display its image. 
[0035] In State 4, the sector of B picture B-, is read out 
of the ring buffer 4 and B picture B 1 is decoded with ref- 
erence to l 0 frame within the frame memory M1 and P 0 
frame within the frame memory M2 and is written to the 
frame memory M3. Then, they are sent in a sequence 
of B1 and 10 frames from the frame memories M3 and 
M1 to the display 7 to display their images. 
[0036] In the following State 5, the sector of P picture 
P., is read out of the ring buffer 4 and P picture P-, is 
decoded with reference to P 0 frame within the frame 
memory M1 and is written to the frame memory M1 . In 
State 6, the sector of B picture Bg is read out of the ring 
buffer 4 and B picture B 2 is decoded with reference to 
Pi frame within the frame memory M1 and P 0 frame 
within the frame memory M2 and the decoded B picture 
B 2 is written to the frame memory M3. The decoded B2 
frame is read out of the frame memory M3 and is sent 
to the display 7 to display its image. The other pictures 
are decoded in the same manner and are sent to the 
display 7 with a sequence of B3 S P1, B4, B5 frames to 
display their images sequentially. 
[0037] The images are displayed as described above 
during the normal reproduction. Then, motions of the 
write pointer WP and the read pointer RP in the ring buff- 
er 4 during the normal reproduction will be explained be- 
low with reference to FIGs. 4a, 4b and 4c. FIG. 4a shows 
a case when the read pointer RP 8-2 is positioned at an 
address position R1 and the write pointer WP 8-1 is po- 
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sitioned at an address position W1 . The clockwise di- 
rection of the ring buffer 4 in the figure is considered to 
be the direction of the normal reproduction and writing/ 
reading is performed in this direction. Note that because 
the address position R1 and the address position W1 
are positioned so as to almost face each other on the 
ring buffer 4, the sizes of an unread data area URD and 
an already-read data area ARD become almost equal. 
[0038] FIG. 4b shows a state in which the read pointer 
RP advances to an address position R2 to read data out 
of the ring buffer 4, decreasing the unread data area and 
increasing the already-read data area. Detecting that 
state, the control circuit 8 controls the pickup 2 to access 
to the disk 1 to read new data and advances the write 
pointer WP 8-1 to an address position W2 shown in FIG. 
4c so as to be able to write one sector of read data to 
the ring buffer 4. Thereby, the sizes of the unread data 
area and the already-read data area are rendered al- 
most equal again. Note that the control circuit 8 makes 
such control at all times so that the sizes of the unread 
data area and the already-read data area always be- 
come almost equal. In this case, when no new data is 
read out of the disk 1 , the pickup 2 is controlled so as 
to jump one track to read data on the same track. 
[0039] By the way, when a control button is manipu- 
lated to switch the mode from the normal reproduction 
mode to the reverse reproduction mode for example, it 
is necessary to decode images of the past already re- 
produced during the normal reproduction in a reversed 
time sequence and to send the decoded images from 
the frame memory 6 to the display 7 to display them. 
However, in the case of the present invention, because 
the data already read is stored in the already-read data 
area in the ring buffer 4 as shown in FIG. 4, reversely 
reproduced images may be quickly displayed on the dis- 
play 7 just by controlling the reading/writing of the ring 
buffer 4 so as to accommodate with the reverse repro- 
duction without controlling the pickup 2 to return to read 
new data. 

[0040] A relationship of pictures decoded by the de- 
coder 5 during the reverse reproduction mode and 
frames stored in the frame memories M1 , M2 and M3 
will be explained below with reference to FIG. 3. In State 
0 in FIG. 3, I picture ^ is decoded and is stored in the 
frame memory M1 after finishing decoding up to the 
frame B 3 . Because the decoded frames have to be sent 
to be displayed with the sequence from the right side to 
the leftside in the arrangement shown in FIG. 10a during 
the reverse reproduction, P1 and B3 frames are sent 
with a sequence of P1 and B3 from the frame memories 
M2 and M3 to the display 7 to display their images. Next, 
because it is necessary to send B2 frame, I picture l 0 is 
read out of the ring buffer 4 at first to be decoded and 
to be stored in the frame memory M1 (State 1 ). Follow- 
ing to that, P picture P 0 is read out of the ring buffer 4 
to be decoded with reference to l 0 frame and to be stored 
in the frame memory M3 (State 2). Then, B picture Bg 
is read out of the ring buffer 4 to be decoded with refer- 



ence to Pi and P0 frames and to be stored in the frame 
memory M1 . It is then sent to the display 7 to display an 
image of B2 frame (State 3). 

[0041] Next, I picture l 0 is read out of the ring buffer 4 

5 again to be decoded and to be stored in the frame mem- 
ory M2 (State 4). Then, B picture B-, is read out of the 
ring buffer 4 to be decoded with reference to P1 and P0 
frames and to be stored in the frame memory Ml . It is 
then sent to the display 7 to display an image of B1 frame 

to (State 5). B picture B 0 is read out of the ring buffer 4 to 
be decoded similarly with reference to P1 and PO frames 
and to be stored in the frame memory M1 . It is sent to 
the display 7 to display its image (State 6). 
[0042] Motions of the write pointer WP and the read 

is pointer RP during such reverse reproduction will be ex- 
plained below with reference to FIG. 6. In FIG. 6a, a 
GOP stored in an area from an address position R3 to 
an address position R4 on the ring buffer 4 is being de- 
coded and the read pointer RP is positioned within the 

20 area. An un read data area extends from the add ress po- 
sition R3 including the area being decoded to an ad- 
dress position W3 and the remaining area is an already- 
read data area. Note that the write pointer WP is posi- 
tioned where it almost faces to the address position r3. 

2S Because this is in the mode of reverse reproduction, the 
counterclockwise direction is the reproducing direction 
on the ring buffer 4. 

[0043] FIG. 6b shows a state wherein the decoding 
has advanced to the next GOP. That is, the GOP stored 

30 in the area from the address position R4 to an address 
position R5 is being read out of the ring buffer 4 to be 
decoded. Because the unread data area becomes small 
in that state, the control circuit 8 controls the pickup 2 
to return to read new data of the past from the disk 1 . At 

35 the same time, it causes the write pointer WP to jump 
from the address position W3 to the address position 
W4 and writes the data read out of the disk 1 to the ring 
buffer 4 while moving the write pointer WP clockwise. In 
this case, the write pointer WP 8-1 is controlled so as to 

40 jump by an area into which a number of sectors which 
is the sum of a number of sectors written in the last time 
and a number of sectors to be written this time can be 
written. 

[0044] By the way, in the compression by mean of the 
45 MPEG method, other pictures in a GOP cannot be cod- 
ed without reading I picture at first as described before. 
Accordingly, the pictures cannot be decoded even if the 
GOP is read from the posterior pictures sequentially dur- 
ing the reverse reproduction. Then, it is written in ad- 
so vance in a TOC or the like recorded at the head of the 
disk 1 that which sectors is each GOP composed of. The 
control circuit 8 memorizes that and causes the read 
pointer RP to jump to a head of a GOP during the re- 
verse reproduction and to return while decoding in order 
55 from I picture to decode a picture to be output next. 
[0045] FIG. 7 shows detailed motions of the read 
pointer RP during such reverse reproduction and FIG. 
8 shows detailed motions of the write pointer WP. As 
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shown in those figures, each decoded frame may be 
stored in the frame memories M1 , M2 and M3 as shown 
in FIG. 3 through the motions of the read pointer RP and 
the write pointer WR FIG. 7a is the same figure with FIG. 
6a and a part surrounded by a broken line in the figure 
is enlarged and is shown as FIG. 7b. As shown in the 
figure, the read pointer RP jumps from the address po- 
sition R3 to the address position R4 in the reproducing 
direction in decoding a GOP to read I picture at the head 
of the GOP. 

[0046] Next, the read pointer RP is caused to jump 
once in the direction reverse to the reproducing direction 
to read P picture, to jump once in the same direction to 
read next P picture and to read B picture adjoining on 
the side of the address position R3. Then, the read pic- 
tures are decoded sequentially by the decoder 5 and the 
decoded frames are stored in the frame memories M1 , 
M2 and M3 as shown in FIG. 3. While the pictures are 
thus decoded toward the past in a unit of GOP in the 
reverse reproduction mode, the pictures are read and 
decoded in the direction reverse to the reproducing di- 
rection within the GOP because each picture referenced 
during coding has to be decoded at first as described 
before. 

[0047] Fl G. 8a shows the same state with that shown 
in FIG. 6c, wherein a part shown by a broken line is en- 
larged and is shown as FIG. 8b. In the figure, the write 
pointer WP positioned at the address position W3 jumps 
to the address position W4 in writing data. It is the ad- 
dress position where data of a number of sectors of the 
sum of a number of sectors written in the last time and 
a number of sectors to be written this time may be written 
in the area from the address position W3 and the ad- 
dress position W4as described before. Then, returning 
from the address position W4, the sectors SO, S1 , S2, 
S3, S4, and S5 ... are written. 

[0048] While the data within the GOP is arranged and 
written in the same direction with that during the normal 
reproduction, when the reverse reproduction mode is 
specified, the control circuit 8 controls the write pointer 
WP so as to write from the next sector which has been 
scheduled to be overwritten during the normal reproduc- 
tion. That is, when it has been scheduled to overwrite 
from Sector 25 during the normal reproduction as shown 
in FIG. 5a for example and when three sectors from Sec- 
tor 22 to Sector 24 are to be written, the write pointer 
WP is jumped to the position of Sector 106 to overwrite 
Sector 22 thereon and Sectors 23 and 24 are overwrit- 
ten on Sectors 107 and 108 as shown in FIG. 5b. 
[0049] Note that it is natural that the unread data area 
(or the already-read data area) during the normal repro- 
duction is reversed to the already-read data area (or the 
unread data area) during the reverse reproduction. It be- 
comes possible to quickly respond not only to frame 
feeding in the reverse reproduction mode but also to var- 
iable-speed reproductions such as a slow reproduction 
and a double-speed reproduction by controlling the writ- 
ing/reading of the ring buffer 4 by the control circuit 8 so 



that the storage area of the ring buffer 4 is divided almost 
into half for the unread data area and for the already- 
read data area as described above. 
[0050] Further, it becomes possible to respond to the 
variable-speed reproduction not only during the reverse 
reproduction but also during the normal reproduction. 
Note that when the variable-speed reproduction mode 
is specified, it is possible to respond to the variable- 
speed reproduction such as a double-speed reproduc- 
tion by reproducing only I pictures or only I pictures and 
P pictures. 

[0051] FIG. 13 is a system diagram showing a data 
reproducing apparatus according to another embodi- 
ment of the present invention. 

[0052] In the figure, digital video data, digital audio da- 
ta or the like is compressed and recorded in a disk (DV) 
1 by means of the MPEG method or the like. A pickup 
202 reads the recorded digital data from the disk 201 , a 
demodulating circuit 203 demodulates the read digital 
data, an error correction circuit (ECC) 204 corrects er- 
rors using error correction codes, a buffer 205 is inserted 
to buffer a rate on the decoder side which differs from a 
rate on the reading side and a decoder 206 decodes 
and outputs the coded data into image signals to be dis- 
played on a display unit (VIDEO OUT). 
[0053] Further, a system control 207 sends various 
control signals to a servo circuit 209 to control focus, 
tracking and threading, etc., control keys 208 are but- 
tons such as reproduction button, stop button, double- 
speed reproduction button, reverse reproduction button 
operated by a user, the servo circuit 209 controls the 
focus, tracking and threading of the pickup 202 under 
the control of the system control 207. 
[0054] Operations of the data reproducing apparatus 
constructed as described above will be explained. The 
disk 201 is controlled to turn with a predetermined 
number of revolutions by a spindle motor not shown and 
the recorded digital data is read out of it when laser 
beam is irradiated from the pickup 202 to the disk 201 . 
This digital data is recorded in the unit of sector shown 
in FIG. 11 as described before and a sector sink, sector 
address and sector header are appended at the head 
of each sector. While the pickup 2 read each sector de- 
scribed above, the servo circuit 209 performs the focus 
control and tracking control based on focus error signal 
and tracking error signal obtained from the demodulat- 
ing circuit 203 under the control of the system control 
207. 

[0055] The sector demodulated by the demodulating 
circuit 203 undergoes the ECC 204 for correction of its 
error. Its position where it is written is controlled from a 
detected sector address of the data and is written to the 
buffer 205. This buffer 205 is adapted to have a memory 
capacity capable of storing at least 2 GOPs of digital 
data. GOP data in the frame sequence shown in FIG. 
fOb is read sequentially out of the buffer 205 and I pic- 
tures, P pictures and B pictures composing the GOP are 
decoded by the decoder 206 to reproduce and output 
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an image signal of each frame (VIDEO OUT). Thus, 
when the normal reproduction button of the control key 
208 is manipulated, the video signals output from the 
decoder 206 (VIDEO OUT) are supplied to the display 
unit, reproducing the video images on the display unit. 
[0056] FIG. 14 diagrammatical ly shows the opera- 
tions of the buffer 205 and the decoder 206. In this case, 
assume that the buffer 205 has a memory capacity of 
two GOPs. 

[0057] In the figure, sectors read out of the disk 201 
are written to the buffer 205. That is, three GOPs are 
stored in the buffer 205 in order of GOP. 1 , GOP. 2 and 
GOP 3. Then, GOP 0 read out of the buffer 205 is sup- 
plied to and decoded by the decoder 206, outputting de- 
coded image signals (VIDEO OUT). 
[0058] When the decoder 206 finishes to decode 
GOP. 0, GOP. 1 which follows GOP 0 is read out of the 
buffer 205 and is supplied to the decoder 206. Then, the 
system control 207 controls the pickup 202 to access to 
the disk 201 and to read GOP. 4, new data to be stored 
in the buffer 205. The video signals are thus reproduced 
and displayed on the display unit one after another. Note 
that the rate at which the data is read out of the disk 201 
is set to be faster than the rate at which the video signals 
are output from the decoder 206. When a certain 
amount of data is stored in the buffer 205, the system 
control 207 puts the reproduction from the pickup 202 
into a pause mode and when data stored in the buffer 

205 becomes (ess, it puts to the reproduction mode to 
store data in the buffer 205. 

[0059] By the way, while a ratio between a com- 
pressed coding amount before being decoded by the 
decoder 206 and a coding amount after the decoding is 
made to vary corresponding to a complexity and flatness 
of video signals as described before, because the rate 
of the video signals decoded and output is of generally 
a constant display speed, a rate of the amount of supply 
of the compressed coded signals input to the decoder 

206 is made to be random corresponding to the com- 
plexity and flatness of the video signals in order for that 
the decoded and output video signals are continuous. 
The buffer 205 is provided to buffer such varying rates 
and is controlled so that new GOP is written to the buffer 
205 when an empty area is brought about as described 
above because the rate for writing data to the buffer 205 
is normally set to be higher than that for outputting data 
from the decoder 206. 

[0060] FIG. 15 diagrammatically shows operations of 
the buffer 205 and the decoder 206 when the control key 
208 is operated and a still mode is specified. When the 
still mode is specified, generally the mode is more likely 
to be shifted to the backward reproduction mode or the 
like to see images before and after that moment by feed- 
ing frames. As shown in the figure, when the still mode 
is specified, the system control 207 controls the pickup 
202 to access the disk 201 and to read GOP. 0 and GOP. 
-1 which precedes GOP 0 time-wise and writes them to 
the buffer 205. Then, when the control key 208 is oper- 



ated and a backward frame feeding button is operated 
following the still mode, the decoder 206 can read GOP. 
-1 out of the buffer 205, which is to be decoded imme- 
diately after finishing the decoding of the GOP. 0 being 
5 decoded. 

[0061] Accordingly, because the decoder 206 can be 
supplied with GOP. -1 immediately after finishing the de- 
coding of GOP. 0 being decoded and can supply image 
signals (VIDEO OUT) of decoded GOP -1 quickly to the 
display unit, the user feels no sense of incompatibility 
when he/she specifies the backward reproduction 
mode. Note that the reason why GOP 0 being decoded 
is also written to the buffer 205 is because pictures com- 
posing GOP. 0 already decoded need to be decoded and 
I picture which is positioned at the head of GOP. 0 is 
necessary for the decoding as described before. When 
it is specified to feed frames in the normal direction after 
the stop mode, GOP. 1 is read out of the buffer 205 fol- 
lowing GOP. 0 being decoded and is supplied to the de- 
coder 296. 

[0062] Further, it becomes possible to accommodate 
with not only the frame feeding but also to variable- 
speed reproductions such as a double-speed reproduc- 
tion by increasing the capacity of the buffer 205 as 
shown in FIG. 16 and by writing GOP. 0, GOP. -1 and 
GOP. -2 newly to the buffer 205 by accessing the disk 
201 by controlling the pickup 202 when the still mode is 
specified and when GOP. 0 is being decoded as shown 
in FIG. 16. Still more, it becomes possible to accommo- 
date with the variable-speed reproduction not only in the 
backward reproduction mode but also in the normal di- 
rection reproduction mode. Note that when the variable- 
speed reproduction mode is specified, it becomes also 
possible to accommodate with the variable-speed re- 
production such as the double-speed reproduction by 
reproducing only I pictures or only I pictures and P pic- 
tures for example. 

[0063] While preferred embodiments have been de- 
scribed, variations thereto will occur to those skilled in 
the art within the scope of the present inventive con- 
cepts which are delineated by the following claims. 



Claims 

1. A data reproducing method for reproducing image 
signals by demodulating data read out of a disk by 
a pickup and by decoding it via a buffer, 

said buffer having a capacity capable of storing 
at least two GOPs composed of a plurality of 
frames, 

at least one GOP including a GOP preceding 
time-wise to a GOP being decoded being read 
out of said disk and being stored in said buffer 
when a still mode is specified to run in a special 
reproduction mode. 
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2. The data reproducing method according to Claim 1 , 
wherein said special reproduction mode is a back- 
ward reproduction mode. 

3. A data reproducing apparatus comprising demodu- 
lating means for demodulating data read out of a 
disk by a pickup, a buffer for temporarily storing the 
demodulated data and a decoder for decoding the 
data read out of said buffer into image signals, 

said buffer having a capacity capable of storing 
at least two GOPs composed of a plurality of 
frames, 

at least one GOP including a GOP preceding 
time-wise to a GOP being decoded by said de- 
coder being read out of said disk and being 
stored in said buffer when a still mode is spec- 
ified to run in a special reproduction mode. 

4. The data reproducing apparatus according to Claim 
3, wherein said special reproduction mode is a 
backward reproduction mode. 

5. A data reproducing method for reproducing original 
video signals by demodulating and writing data read 
out of a disk by a pickup to storage means and by 
decoding the data read out of said storage means, 

said storage means being controlled so that 
an unread data area and an already-read data area 
in said storage means take about a half of a total 
memory capacity, respectively. 

6. The data reproducing method according to Claim 5, 
wherein said data is written to said storage means 
in a unit of sector composed of a fixed data amount. 

7. The data reproducing method according to Claim 6, 
wherein a write pointer is moved to an address po- 
sition jumped in the reproducing direction by a 
number of sectors of the sum of a number of sectors 
written in the last time and a number of sectors to 
be written this time when a reverse reproduction 
mode is specified and the number of sectors to be 
written this time is written to said storage means in 
the direction reverse to the reproducing, direction 
from the address position. 



9. The data reproducing apparatus according to Claim 
8, wherein said control circuit writes said data to 
said storage means in a unit of sector composed of 
a fixed data amount data. 

5 

1 0. The data reproducing apparatus according to Claim 
8, wherein said control circuit moves a write pointer 
to an address position jumped in the reproducing 
direction by a number of sectors of the sum of a 

10 number of sectors written in the last time and a 
number of sectors to be written this time when a re- 
verse reproduction mode is specified and writes the 
number of sectors to be written this time to said stor- 
age means in the direction reverse to the reproduc- 
es ing direction from the address position. 
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8. A data reproducing apparatus, comprising demod- 
ulating means for demodulating data read out of a 
digital video disk by a pickup, storage means for so 
temporarily storing the demodulated data and a de- 
coder for decoding the data read out of said storage 
means to original video signals, further comprising; 

a control circuit for controlling said storage 
means so that an unread data area and an already- 55 
read data area in said storage means take about a 
half of a total memory capacity, respectively. 
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FIG. 14 
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